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AERIAL ELECTROSTATIC SPRAY SYSTEM PERFORMANCE

I. W. Kirk,  W. C. Hoffmann,  J. B. Carlton

ABSTRACT. Production models of a USDA–developed aerial electrostatic spray application system are currently being
marketed in the US and abroad. Spray deposit and insect mortality studies conducted on cotton with the USDA prototype are
summarized. Spray deposits with the electrostatic system were higher than with conventional aerial application systems. The
increased deposits with the electrostatic system did not always produce improved insect control. Generally, the aerial
electrostatic system with a spray rate of 9.4 L/ha provided similar insect control in these studies as conventional aerial spray
systems with spray rates of 46.8 L/ha or aerial ULV spray systems with spray rates of 1 L/ha. Lower spray rates contribute
to improved operational efficiencies for aerial applicators.
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lectrostatic  principles have been employed suc-
cessfully in applications for enhanced on–target
and reduced off–target deposition of sprays. Indus-
trial applications of paint and other coatings are

notable examples (Colbert, 1982). Electrostatics has also
been adapted to agricultural application of crop production
and protection materials (Bowen et al., 1952; Bowen et al.,
1964; Law, 1977; Law and Lane, 1981). Successful commer-
cial versions of electrostatic sprayers for greenhouse, ground,
and orchard sprayers have been available for several years
(Sherman and Bone, 1983; Matthews, 1989; Kabashima et
al., 1995; Palumbo and Coates, 1996; Brown et al., 1997;
Sumner et al., 2000). Aerial electrostatic application has also
been a subject of research and development (Carlton and
Isler, 1966; Threadgill, 1973; Inculet and Fischer, 1989). But
until recently there was no commercial adaptation of
electrostatics  to aerial applications. Research and develop-
ment over an extended period (Carlton, 1968; Carlton, 1975;
Carlton et al., 1995a) culminated in a patent (Carlton, 1999)
for an aerial electrostatic application system that is currently
marketed by Spectrum Electrostatic Sprayers, Inc. (Dobbins,
2000). Several field performance and efficacy studies were
conducted in conjunction with design and development of
this aerial electrostatic system.

Article was submitted for review in March 2001; approved for
publication by the Power & Machinery Division of ASAE in May 2001.
Presented at the 2000 ASAE Annual Meeting as Paper No. 00–1056.

This article was reviewed and approved by USDA Agricultural
Research Service. Trade names are mentioned solely for the purpose of
providing specific information. Mention of a trade name does not constitute
a guarantee or warranty of the product by the U.S. Department of
Agriculture, or ASAE, and does not imply endorsement of the product over
other products not mentioned.

The authors are: Ivan W. Kirk, ASAE Member Engineer, Agricultural
Engineer,Wesley C. Hoffmann, ASAE Member Engineer, Agricultural
Engineer, and James B. Carlton, Agricultural Engineer (Retired),
Areawide Pest Management Research Unit, Southern Plains Agricultural
Research Center, Agricultural Research Service, U.S. Department of
Agriculture, College Station, Texas. Corresponding author: Ivan W. Kirk,
USDA–ARS, 2771 F&B Road, College Station, TX 77845–4966; phone:
979–260–9584; fax: 979–260–9386; e–mail: i–kirk@tamu.edu.

OBJECTIVE
The objective of this work is to document performance of

the aerial electrostatic system from various field and labora-
tory studies with the research prototype that was the basis of
the commercial version of the aerial electrostatic spray sys-
tem.

MATERIALS AND METHODS
Prototype aerial electrostatic spray nozzles (fig. 1) and an

associated charging system (Carlton, 1999), mounted on a
Cessna T188C AgHusky agricultural aircraft (231 kW,
12.74–m wingspan), were the subject of field evaluations
over a design and development span of five years. The ulti-
mate prototype was composed of 88 electrostatic nozzles
with TX–VK6 orifices (Spraying Systems Co., Wheaton,
Ill.), calibrated for 9.4 L/ha at 483 kPa, and bipolar charging
with inboard nozzles on each boom separated by 1.8 m. Con-
ventional aerial application comparisons were made with the
same aircraft with either 32 CP nozzles (CP Products Co.,
Inc., Tempe, Az.) calibrated for 46.8 L/ha at 193 kPa or a
ULV application arrangement of 10 to 13 8002SS nozzles
(Spraying Systems Co., Wheaton, Ill.) calibrated for 0.9 to
1.2 L/ha at 276 kPa.

Elements of selected field spray deposition and efficacy
studies are presented to document typical aerial electrostatic
system performance. The studies were conducted on cotton
for whitefly and boll weevil control. Field studies routinely
included sampling for spray deposit parameters and target
pest mortality in field measurements or laboratory bioassays
on field–treated leaves. Spray droplet deposit samples were
collected on six water–sensitive paper (WSP) or oil–sensitive
paper (OSP) cards (Spraying Systems Co., Wheaton, Ill.) at
multiple replication or sample locations. Droplet stains on
these cards were analyzed by image analysis procedures out-
lined by Stermer et al. (1988) and Franz (1993). Spray depos-
its on plant leaves were quantified either by dye fluorometry
or gas chromatography. Caracid brilliant flavine FFS (Caroli-
na Color and Chemical Co., Charlotte, N.C.) at rates of 12.4
and 25.7 g/ha was used as a dye tracer in these studies.

Typically, six to 10 leaves were collected in individually
marked plastic bags at multiple replication or sample loca

E



1090 TRANSACTIONS OF THE ASAE

Figure 1. Aerial electrostatic spray nozzle. Inset shows nozzles mounted
in pairs on spray boom.

ions in the treated areas on each sample day. The bags were
placed in light–tight coolers and transported to the laboratory
for analysis. Ethanol (20 ml) was pipetted into each bag, the
bag was agitated, and an aliquot of rinsate was poured into
fluorometer or GC vials. Leaves were removed from the bags
and leaf areas were measured on a Li–Cor LI 3100 Area Me-
ter (Li–Cor, Lincoln, Neb.) so deposits per unit area could be
assessed. Dye tracer rinsates were analyzed with a Shimadzu
RF5000U Spectrofluorophotometer (Shimadzu Corporation,
Kyoto, Japan). Chemical active–ingredient rinsates were
analyzed with a Hewlett–Packard 6890 gas chromatograph
(Hewlett– Packard Company, Wilmington, Del.) with flame
ionization and a J&W DB–1 dimethylpolysiloxane column
(30 m × 0.32 mm × 0.25 µm) with a 2–ml/min flow of helium.
The chromatograph and auto–sampler were operated with
Hewlett–Packard’s Chemstation software.

Operating parameters for malathion analyses were: injec-
tor temperature = 120°C and detector temperature = 250°C.
The oven program was initiated at 60°C, which was held for
2 min. The temperature was then increased 30°C/min to
220°C, followed by a 5°C/min increase to 230°C, and subse-
quently followed by a 35°C/min increase to 300°C, which
was then held for 2 min. Retention time for malathion was
9.08 min. The oven was allowed to cool before the next sam-
ple was injected.

The charge/mass ratio (Q/M) for the electrostatic spray
nozzle with the different spray mixes was assessed in an agri-
cultural aircraft spray nozzle test facility, previously de-
scribed by Bouse and Carlton (1985) and Bouse (1994). The
instrumentation  to measure Q/M was described by Carlton
(1999).

Mortality assessments for whitefly were made by in–field
post–treatment  counts of whitefly adults by the leaf turn
method at 2, 4, and 6 days after sprays were applied (Naranjo
and Flint, 1995). Populations of whitefly eggs and nymphs
were determined by leaf–plug counts (Latheef et al., 1993).
Bioassay mortality assessments for boll weevil were made on
field–treated  leaves collected on 0, 3, and 6 or 7 days post–
treatment.  Typically, six top–canopy leaves were collected at
random from each replicated treatment area on each sample
day, placed in paper bags, and transported to the laboratory.
Equal numbers of leaves from untreated leaves in adjacent
plots or fields were collected for checks. Individual leaves

were placed in 10.2–cm–diameter, 1.2–cm–deep petri dish-
es. The whole leaves were placed on top of 10–cm–diameter
moistened paper towels, ten USDA GAST Facility weevils
were placed on the leaves, and the dishes were covered with
petri dish covers. Covered dishes were maintained at 27°C on
laboratory bench tops. Weevil mortality was counted 24 h af-
ter placement. Percent mortality compared to check samples
was computed by the Abbott (1925) procedure.

WHITEFLY MANAGEMENT ON COTTON
A season–long integrated management program for sil-

verleaf whitefly (Bemisia argentifolii) on cotton was con-
ducted at the University of Arizona, Maricopa Agricultural
Center, Maricopa, Arizona, in 1995 (Carlton et al., 1995b;
Latheef et al., 1995). Tank mixes of recommended active in-
gredient rates of endosulfan plus amitraz, fenpropathrin plus
acephate,  bifenthrin plus acephate, and esfenvalerate plus
profenofos were each used according to state recommenda-
tions (Dennehy et al., 1995) at selected times during the sea-
son. Aerial electrostatic applications in spray rates of 4.7
L/ha were compared with conventional aerial applications in
spray rates of 46.8 L/ha. The charge/mass ratio (Q/M) for the
electrostatic  applications was typically ±1.15 mC/kg. Ap-
plications were initiated and repeated at least weekly when
whitefly counts reached threshold levels of 5 adults per leaf.
Spray deposits were washed from leaves with a leaf washer
(Carlton, 1996).

FIPRONIL FOR CONTROL OF BOLL WEEVIL ON COTTON
Three aerial applications of label rates of fipronil on cot-

ton were made in: (1) 9.4 L/ha of water with the electrostatic
spray system, and (2) 0.9 – 1.2 L/ha vegetable oil with an aeri-
al ULV application system. ULV malathion at 0.9 L/ha was
applied along with the fipronil treatments in four blocks un-
der an experimental use permit on the Texas A&M University
Farm (Kirk et al., 2000a). The Q/M for the electrostatic fipro-
nil treatment was typically ±1.37 mC/kg. The fipronil in oil
and ULV malathion treatments were made according to pro-
tocol outlined by the Texas Boll Weevil Eradication Founda-
tion (TBWEF) (Myers, 1995). Caracid brilliant flavine FFS
dye tracer (Carolina Color and Chemical Company, Char-
lotte, N.C.) was dissolved in methanol (33 mL/ha) and used
in all spray mixes.

EC MALATHION 5 FOR CONTROL OF BOLL WEEVIL ON

COTTON

Four aerial applications of electrostatic EC Malathion 5 in
9.4 L/ha water and ULV malathion at 0.95 L/ha were made
in two field replications, each at 1.12 kg/ha malathion (Kirk
et al., 2000b). Applications were made on commercial cotton
fields in Robertson County, Texas. The Q/M for the electro-
static malathion treatment was typically ±1.07 mC/ kg. The
ULV malathion treatments were made according to protocol
outlined by TBWEF.

RESULTS
WHITEFLY MANAGEMENT ON COTTON

Leaf deposits of fluorescent dye on top and mid–canopy
leaves averaged over the season were significantly higher for
the electrostatic application as compared to the conventional
application, at 34.5 and 29.6 ng/cm2, respectively (� = 0.05).
Numbers of whitefly adults counted on cotton leaves post–
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treatment averaged 3.6 and 3.9 through mid–season and 5.0
and 5.5 through the entire season for electrostatic and con-
ventional applications, respectively, but were not significant-
ly different. Whitefly egg counts on leaf plugs averaged 15.0
and 10.6 for electrostatic and conventional applications, re-
spectively, but were not significantly different. Large nymph
counts on leaf plugs averaged significantly higher for the
electrostatic  applications than for the conventional applica-
tions, 3.7 and 2.1, respectively (� = 0.05).

FIPRONIL FOR CONTROL OF BOLL WEEVIL ON COTTON

Dye deposits on top canopy leaves averaged 24.7, 36.1,
and 11.8 ng/cm2, respectively, for the electrostatic fipronil,
ULV malathion, and fipronil in oil treatments. Weevil morta-
lities in laboratory bioassays were highly variable. There
were significant interactions between treatment dates and
days after spraying that did not appear to be related to ob-
served phenomena. The electrostatic fipronil and ULV mal-
athion treatments both gave above 95% weevil mortality on
the day of spray application (table 1). Weevil mortality from
the fipronil in oil treatment was lower than that for the other
two treatments on days 0 and 3 after spraying. Electrostatic
applications of fipronil gave significantly higher weevil mor-
talities than the ULV malathion treatment on day 3 after
spraying. Effectiveness of the three treatments had dropped
to 2% or less by day 7 after treatment application.

EC MALATHION 5 FOR CONTROL OF BOLL WEEVIL ON

COTTON
Malathion deposits on top canopy leaves averaged 6.33

and 5.85 ng/cm2 for the electrostatic and ULV applications,
respectively. There was a significant interaction between
treatments and sampling day after spray application for per-
cent boll weevil control (table 2). The electrostatic EC Mal-
athion 5 treatment had higher mortality on the day of
application than the ULV malathion treatment, but signifi-
cantly lower mortalities on days 3 and 6 after spray applica-
tion. Boll weevil mortality for ULV malathion dropped
significantly on days 3 and 6 after spray application, but did
not drop as much as observed for the electrostatic EC Mal-
athion 5 treatment.

Table 1. Percent boll weevil mortality compared to a check in
laboratory bioassays for fipronil and malathion treat–

ments for three periods after spray application[a].
Days after
application

Electrostatic
fipronil

ULV
malathion

Fipronil
in oil

0 96.6a 95.5a 76.7b
3 50.2c 33d 18.4e
7 1.9f 2.0f 1.4f

[a] Means followed by the same letter are not significantly different by Fish-
er’s Protected LSD0.05.

Table 2. Percent boll weevil mortality compared to a check in
laboratory bioassays for two malathion treatments

for three periods after spray application[a].
Days after
application

Electrostatic
EC malathion 5

ULV
malathion

0 97.0a 88.7b
3 29.8e 56.1c
6 29.0e 43.1d

[a] Means followed by the same letter are not significantly different by Fish-
er’s Protected LSD0.05.

SUMMARY AND DISCUSSION
Interest in electrostatic charging of agricultural sprays has

persisted since the concept was first introduced. Laboratory
demonstrations of increased deposits and wraparound cover-
age with electrostatically charged sprays are dramatic, but
field results have not always been so impressive. However,
the potential for increased spray deposits, underside leaf de-
position, and associated reduced active ingredient require-
ments have spurred researchers to continue developmental
efforts. Maintenance of adequate Q/M has been an obstacle
for aerial electrostatic system development because of spray
system flow rates required for normal aircraft speeds and
swath widths. The present aerial prototype system compro-
mises higher Q/M to achieve a 9.4 L/ha spray rate, which is
the minimum spray rate specified on product labels for many
pesticides. However, this trade–off presents an additional
benefit for aerial electrostatic systems because low spray
rates permit more area to be treated with a single hopper load,
thus increasing overall aerial operational efficiency.

Electrostatic charging of sprays with the aerial prototype
system increased deposits of tracer dye on cotton leaves in the
whitefly management study where the comparison was with
conventional aerial spray rates. Electrostatic system deposits
of tracer dyes and active ingredients as compared to ULV ap-
plications of malathion were mixed; tracer dye deposits with
the electrostatic system in the fipronil study were lower than
dye deposits with the ULV malathion system, but active in-
gredient deposits were higher in the malathion study with the
electrostatic  system than with the ULV system. These differ-
ences may be attributable to differences in application condi-
tions or undetermined properties of the fipronil spray mix.
The fipronil spray mix was expected to deposit preferentially
because of the higher Q/M ratio.

Mortality data in the whitefly study indicate that adults
were more effectively controlled with the electrostatic ap-
plications than with conventional applications. However,
there was a trend for higher numbers of whitefly eggs in plots
treated with the electrostatic system. Whitefly nymphs were
more effectively controlled with conventionally applied
higher spray rates. Other studies have shown that spray ap-
plication and deposit parameters can be optimized for differ-
ent pests or life forms of the same pest. In this study, the
electrostatic  sprays were more effective on the adult than the
immature stages of the whitefly.

The fipronil study was conducted because the product was
suggested as an alternative toxin for use in boll weevil eradi-
cation programs. In addition, survey studies of electrostatic
charge/mass ratios for various insecticides had shown that fi-
pronil accommodated a higher Q/M than most other insecti-
cides. Electrostatic fipronil and ULV malathion both caused
high boll weevil mortality in laboratory bioassays on the day
sprays were applied. Three days after the sprays were ap-
plied, electrostatic fipronil caused significantly higher boll
weevil mortality than ULV malathion. The results for ULV
malathion are not consistent with boll weevil mortalities ob-
served in the study of electrostatic EC malathion vs. ULV
malathion.  Conse– quently, speculation on increased persis-
tence of electrostatic fipronil may be unwarranted.

The electrostatic EC malathion study showed electrostatic
application of EC malathion gave better boll weevil mortality
than ULV malathion on the day sprays were applied. The per-
sistence of electrostatic EC malathion, in terms of boll weevil
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mortality, dropped significantly on days 3 and 6 after spray
application compared to ULV malathion. However, the in-
consistent performance of ULV malathion in the two studies
has a bearing on these observations.

CONCLUSIONS
These studies show some situations where field perfor-

mance of the aerial electrostatic spray system exceeds that of
conventional systems, and vice versa. That is neither unusual
nor unexpected. Most application technologies have niches
in which they are best adapted. However, in general terms,
aerial electrostatic application methodology has been shown
to have spray deposits and efficacies that are not markedly
different from conventional aerial application methodolo-
gies. Other factors, such as operational efficiencies associat-
ed with the low spray rates of electrostatic systems, could be
an important factor favoring aerial electrostatic applications.
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